equivalent to temperature modulation when sweeping the temperature across T, at constant and low magnetic field. Using this property, we have measured the relative angular variation of &2 in single crystals. The method also enables us to characterize properties of high Tc superconductors in polycrystaline materials, single crystals and thin films. Thus, in single crystals with anisotropic properties, ATo will depend on the orientation of the crystal with respect to the magnetic field. Therefore, as disussed above, sweeping the temperature will show a signal proportional to the derivative of the microwave surface resistivity. Its maximum intensity, I, will be proportional to ATo and therefore inversely proportional to ?&~/~T(T=T,) or to &(T=o~&.
In uniaxial superconductors it has been confirmed that the mass tensor formulation of Ginzburg-Landau theory holdd3). The upper critical fields is given by l&2(8) = m3cos20 + mlsin*8 where ml = m, , = myy and m3 = m,,, H&) and %z(p) are the critical fields normal or parallel to the CuO layers respectively and 8 is the angle between normal to the CuO layers and the magnetic field. Hence: and for 8 = go", ATo(n)/ATo(p) = I(n)/I(p) = H,.,.(p)/Hcz(n). Thus, measuring the ratio of the microwave absorption intensities normal and parallel to the CuO planes in a single crystal should give the ratio of the critical fields in these two directions. Furthermore the angular dependence of the critical field should follow eq. 2.
Here, effects of demagnetization, due to shielding currents induced by the magneti'c modulation, have been neglected. They will depend on the shape of the crystal and its anisotropy properties and hence on the orientation with respect to the magnetic field. The calculation of the demagnetization effects is complex, however it can be argued that in high &2 superconductors such as the high T, compounds, the contribution of the demagnetising field is negligible.
. Experimental
Single crystals and oriented thin films of YBa2CU30(6+,) x=0.9 have been used in this experiment. They were prepared by the flux method and evaporation techniques respectively then treated to maximize the oxygen content. A Varian spectrometer with low frequency (150Hz) modulation coils attached to the magnetic poles has been used. The sample was introduced on the side wall of a cavity. The angular dependence was obtained by rotating the magnet and therefore the microwave field around the sample did not vary during the measurements. The variation of the temperature was always obtained by slowly cooling the cavity from above to below T,. Fig. 2 shows typical microwave absorption spectra of two single crystals in the form of platelets and an oriented thin film where the c axis was two single crystals and a thin film Fig. 3 shows the angular dependence of the maximum intensity for the single crystal with one peak whose spectrum was shown in fig. 2 . The full line is the presentation of eq. 2 and therefore the results are in good agreement with the Ginzburg Landau theory. The ratio of .HC2(p)&2(n)=3 is in agreement with measurements obtained from the slope of aH,,/dT using direct susceptibility Using the microwave absorption technique we were able to measure the relative angular behavior of H,-2(0) in high quality single crystals of YBa2Cu30~+~ x= 0.9. We found an agreement with the Ginzburg-Landau theory and results obtained by other methods on the numerical values Hc2@)&2(n) for single crystals were in agreement. Oriented thin films show very broad transition temperatures, in variance with results obtained by susceptibility and resistivity measurements. The method also enables us to determine transition temperatures and to characterize the quality of superconducting materials. It has the advantage of being contactless and very sensitive (around 10-8 gram of YBaCuO).
